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Chemical Constituents of Crude Green Tea£— 
the Material of Pu - er Tea in Yunnan 


ZHOU Zhi - Hong£-YANG Chong – Ren * 
£" Kunming Institute of Botany£-—Chinese Academy of Sciences £-Kunming 650204£-€hina£O 


Abstract£? Twenty phenolic compounds together with caffeine£-were isolated from crude materials of Pu — Er 
tea produced in Yunnan Province£-€hina. They were identified a£" — £Gpicatechinf£! — £Gpigallocate- 
сп — £Gpigallocatechin — 3 — O — gallatef£^ — £Gpicatechin - 3 — O – gallatef£^ — £Gpiafzelechin — 3 
— O- gallate££* + £&atechinf£* + £Cvallocatechinf-quercetin£Awuercetin - 3 — O – B — D — glucopyra- 
noside£-Tutin£-kaempferol£-kaempferol — 3 — O — В — D — glucopyranoside£-kaempferol – 3 — O — rutinoside£^ 
strictinin£d£-6 — О – digalloyl — В — D — gluco — pyranose£-theogallin£-ehlorogenic acid£-3o£—5a – dihy- 





droxy — 4 — a — cafeoyl — quinic acid£-eoniferin£gallic acid by spectroscopic data. 


Key word£? Theaceae£-Camellia sinensis Kuntze. var. assamica Kitamura£7Green tea£»Phenoloids 
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c£90.00538£G Negative FAB – MS£-m/z£" % £8089 £ÜM — H£Y – £ ` 100£®UVA ax nm£" Me0H 6 
208£225£380.5£2384 £3? cm - 1 £93459 £-1625£4522£-1469 £1390£4349£4314£4290£4225£^ 
1184£4095£-045£4016£-979£-875 .! H and? C NMR see Table 1 and 3. 
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Fig 1. The structures of compounds 1 ~ 21 
50.640£" Me0OH£-e£9).00552£GNegative FAB – MS£m/z£" % 69305 ОМ - H£Y - £100£6UV^,,... 
пп МеОН 207 .5£-375£»IRJ "cm – 1£93369£4697£4611£4540£4512£4450£4335£4311£^ 
1238£4143£-3094£43031£-970£7878 .! H and? C NMR see Table 1 and 3. 
£` - £@í A» B XO ёЁ@- 3 - 0 - АЁ >УСЁАбМЕЁ – £Gpisallocatechin — 3 — O — gallate£^ 3£O 
»Ò xÉ«Í БҸ" E - ОАСЕ» £05 £f? — 43.960 £" Me0H£-£90.00323£ Negative FAB — MS£-m/z 
Е" % £69457 £ÜM – H£Y £^ 100£&UVA,,.. пт" Me0H£8210£-274 . 5£»IRVK* cm - 1 £93371£3693£^ 
1612£3536£4519£4452£4338£4315£4237£-31144£31096£1033£-968£-870£-821 .!H апа?С NMR 
see Table 1 and 3. 
£ ОН q«i? ëË@— 3 - о - ЊЕ СРАМ — £Gpicatechin - 3 - О - gallate 4£0O >C xÉ« 
Î pq £i - ОАСЕЕСЬЕЎ > — 164.870£" Me0H£-0£99.00790£O Negative FAB – MS£m/z£' % £41£ÜM 
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- H£Y £” 100£®UVA a nm£" МеОнЕ 6208.5 974.5 БК cm~ !£293339£41696£41628£41612£— 
1539£4520£4453£4372£+4341 £4237£4144£4095£4034£4017£968£910£-821 .! H and? C NMR 
see Table 1 and 3. 

£` ГОН °ф £T Ë- 3 – O – АЕ САМЕ" - £Gpiafzelechin - 3 — O - gallate¥'5£© >Ó 
°xÉ<] PT ET - ÜAeE»£Ü.£Y-5 — 166.340£" Me0H£-e £90 .00502£®Negative FAB - MS£-m/z£" % £ 
426Е0М - HEE” 100£®UVA a nME” MeOH £208. 5£-276 . 5£>IRY с -! £93371£4692£4612£^ 
1517£4465£4451£4338£4315£4237£4+142£4090£4032£4016£-968£-869£-817£766.!H and? C 
NMR see Table 1 and 3. 

E + £O? ëËG@ÚE” + £Qatechinff 6£O >Ó É< PIT B - (AGE, £2 + 0.780€ MeOH£ce£ 
0.0054 £GNegative FAB - MS£m/z£" % £€589£UM – HEE” 100£BUVA a nE Me0OH£€»08£229£— 
270£RyEPrem 7 1 £93350£-1619£-8540£-9511£-0469 £352 £H030£H240£-1189£-1145£-1088£-1000£^ 
956£-825.'H and? C NMR see Table 1 and 3. 

E + £Gv P ХОЛ ВАЕ" + £Qallocatechin Ý 7£O »Ò Ж. ШАБОБ 7 + 0.000€" MeOH£— 
c£30.00284£GNegative FAB – MS£mm/z£ % 6305 ЕОМ - HEE” 100#© УХ, na nmE Me0OH£€207£^ 
225.5£280£»IRV/A* em - 1 £9 3371 £4626£544£4520£463£349£H272£3246£4191£4147£^ 
1117£4083£-033£4001£-954£-831.! H and? C NMR see Table 1 and 3. 

él EE quercetin££28 £O »ДЕ<: ÜAGE» Negative FAB - MS£-n;£ % £301 £ÜM - H£Y 

£ `100£@UVA,. nmË МеОн 6207 .5Е-284Е-370.5 Вук ст 7 ! £933324£4665£4611£4562£4522£^ 
1452£4407£4382£43319£4261£4214£-3199£4170£-1132£4092£H014£-941 .! H and? C NMR see 
Table 2 and 4. 

& ZEO-3-0- B-D- ААД М СЕ” quercetin — 3 – О — glucopyranoside£f9£O »ДЁ« 

: ÜAGE» Negative FAB – MSEm/z£` % 69463 ОМ - H£Y £” 100#@ ЦА n nm£" MeOH£@207£— 
256.5Е-291.5Е-358.5ҒЯБКВ'ст !£23352£4658£4603£4563£4494£4456£4360£4295£4235£— 
1200£-1161£-1132£-3086£-061£-3014£-997£-938£-878 .'Н and? C NMR see Table 2 and 4. 

AS] £ rutinffO10£O | »/IÉ«: ОА» Negative FAB — MS£-m/z£" % £€9609£ÜM – H£Y £” 1006 
UVA,,,,nm£" МеОн 6207 .5Е-257Е-361Е-344.5 ВУК!" ст ! £23422£43656£4604£4572£4506£— 
1456£4363£-297£4237£4204£4169£43122£43090£4064£4015£-943£-880.!H апа? С NMR see 
Table 2 and 4. 

БУЙ - G^ kaempferolO11£O — »/IÉ«- ÜAGE» Negative FAB – MS£-m/z£" % £285 £ÜM – H£Y 

£ 100£€UVA,,. nmE MeOH £206 .5£-266£-335£»IRV A em ` ! £23361£4613£4560£4500£-3449£^ 
1360£-1300£-31290£3200£-067£-3010£-995£-877£-829 .! H and? C NMR see Table 2 and 4. 

ÉA-Ó-3-0- B-D- Аа«ДЁ1 Ñ GIS^£" kaempferol — 3 — O — В — D - glucopyranoside£fO12£O 
»/IÉ«: ÜAGE»Negative FAB — MSEm/z£ ` 96 £€447£ÚM – H£Y £” 10087), „п МеОнЕ69207. 
5£-266£-344 . 5 £XIRVE' cm - 1 £93370£2658£4607£4565£4495£4445£4361£4303£4283£3210£^ 
1179£-066£-3013£-990£-892£-839.!H and? C NMR see Table 2 and 4. 

ÉVA - Ó- 3- 0- Аі СВЕ kaempferol — 3 — O – rutinoside£f213£O »ДЕ< ÜAGE»Negative 
FAB - MS£-n/z£' 9% 9593 ОМ – H£Y £” 100£G9UVÀ,,,. п" Me0H£€9205£266£-994 , 5£-550£» 
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IRVEPr em~ 1£93423E-4658£-607£-561£-4500£4A453£-4363£-286£-260£-4208E4182£-4143£— 
10920£4063£4043£4012£-971 £-912£-835.!H and?C NMR see Table 2 and 4. 





Table 1 !H NMR data of compound 1 – 7£ ёңїп acetone — d; £-3£9 Hz£O 
proton 1 2 З 4 5 6 7 
2 4.81£br.s 4.80£br.s 5.06£hr.s 4.42£d£p- 7.9  4.56£d£p- 7.5 5.15£= 
3 4.16£= 4.18£m 5.54£m 3.91£m 3.98£m 4.00£m 5.47£d£p- 2.0 
4 2.80£dd 2.83£ddi£— 3.03£di£— 2.84£di£jx 5.6 2.50Ет 2.83£m 3.00£dil£— 
J - 4.6£16.6 J -4.6£16.0 ]-24.6£13.0 16.0 2.80£m J=4.5£#.5 
2.65 4 2.7068 2.9084 2.45846} 8.6 2.51841 2.9084 
J 23.4£16.6 Ј=3.4Е16.0 J=2.2£17.0 16.0 J=8.0£t6.0 1=2.0Ёї7.5 
6 6.00£d£p- 2.0 6.00£d£p- 2.2 6.05£d£p-2.4  5.98£d£p-2.4  5.90fd£p- 2.0 5.96£d£51:2.0 6.03£d£p- 2.4 
8 5.90£d£p- 2.0 5.90fd£p- 2.2 6.0284 2.4 5.82£d£p- 2.4  5.86£d£p- 2.0 5.89£d£p- 2.0 6.00£d£p- 2.4 
21 6.98£= 6.56£2 6.62£2 6.43£m 6.83£d£p- 2.2 6.85£d£p- 1.9 7.36£d£p- 6.7 
3i. 6.76£d£p 6.8 
5i 6.76£= 6.76£d£p 8.0 6.76£d£p- 8.2 6.76£d£p 6.8 
6i  6.76£m 6.56£2 6.62£= 6.43£m 6.70Еаа р 2.0£8:0 — 6.72£dd£px- 1.90£&:0.— 7.36£d£p- 6.7 
Galloyl 7.02£= 7.03 7.01 
Table 2 !H NMR data of compound 8 – 1£" òy in DMSO - d, ЕО 
proton 8 9 10 11 12 13 
6 6.65£d£p- 2.0 6.40£d£p- 2.0 6.38£d£p- 2.0 6.43£d£p- 2.0 6.4364} 1.8 6.40£d£p- 2.0 
8 6.43£d£p- 2.0 6.20£d£p- 2.0 6.18fd£p-2.0 6.17£d£p- 2.0 6.2064} 1.8 6.20£d£p- 2.0 
2i 7.92£d£p- 2.0 7.56£m 7.51£= 8.03£d£p- 8.8 8.01£d£p- 8.4  7.96£d£p- 8.8 
3i. 6.90£D£p- 8.8 6.8754} 8.4 6.86£d£p- 8.8 
5i 7.13£d£p- 8.2 7.56£m 7.54£d£p- 8.0 6.90£P£p- 8.8 6.87£d£p- 8.4 6.86£d£p- 8.8 
6i. 7.78013 2.0£82 6.83£d£p- 8.2 6.82£dÉp- 8.0 8.03£d£p- 8.8 8.01£d£p- 8.4. 7.96£d£p- 8.8 
С;- ОН 12.58 12.47 12.61Е= 12.545 
Апотегіс Н 
Glu 5.45£d£p- 7.2 5.3224} 7.2 5.45£d£p- 7.2. 5.290£d£p- 7.2 
Rha 4.36£5 4.37£m 


D ÑA ECKE" suictinin££O 14£O. »O? xÉ«Í Pq” · ОДС» £0, £^ — 8.190€" MeOH£-e £90. 
00458£GNegative FAB – MS£-m/z£” % £&633£ÜM – H£Y £ ` 100£GUVÀ,,,.nn£" Me0OH£€219£231 . 
5£381£»IRVE* cm~ 1 £93394£4728£619£4519£-449£H352£4 195£4 142£H041£H014£-942 £^ 
871#-832. ! H NMRÉ acetone – d, £97 .18£ 2H£-s£-€alloy - H£6.70£^ 1H£-£-HHDP - H£€^ 
6.58£ IH££-HHDP - H£&5.74£ 1H£d£3 = 8.1£H — 1£€5.20£ 1H£-dd£3 = 6.3£-3.2£-H – 
6£€4.89£' ІНЕ) = 9. 9Hz£-H - 4£@4.12£ 1H£xdd£3 = 6.2£9.8Hz£H — 5£€3.85£ 1H£vE- 

-9.4Hz£HH - 3£€3.76£' IHE—-I£ = 13.2Hz£HH – 6£63.72£' 1H£A£-j = 8.6Hz£4H - 2Ё@°С 
NMRÉ acetone - d; £&8Glu£295.83£ C - 1£674.58£ C - 2£035.55£ C - 3£672.70£ C - 4Е6- 
63.68£ C - 6£GGallyol£9120.59£ C – 1£€110.32£ 2C£-€ - 2£76£€146.07 £ 2C£-€ - 3£-5£€^ 
139.54£ C - A£6HHDP£?126.35£426.71£ C - 1Ё-4{ EO115.78£416.12£ C - 22-9 E107 .94£— 
108.31£ C - 3£3j E€444.32£4344.41£ C - 4£44j E€436.25£ C - 5£-5 į E€445.16£ 2C£-€ - 
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6£-6j E€468.28£468.44£ C = O£O 
1£6 О - рА»Ёз ОбЕ»0 – B-D- RÁà«/E INI GE 1 £6- digalloyl — 8 — D — glucopyranose£ © 
£'15£O »O»€« Р E - EEEL" _ 39.930£" Me0H £0 £90.01321 £ONegative FAB - М/х 
Е" % £€483£ÜM - НЕЕ” 100£ ЈУ), „па Me0OH£€208£ 379 PXIRVE* cm~ 1£93356£4693£4611£^ 
1521£-1466£-44450£-5370£3340£4286£4238£-144£4094£4033£4018£-971£:870.' H NMR£ ace- 
tone — 42827 3 11£ 2H£—£-Gallyol - H£€3.07£ 2H££-&alloyl - H£65.65£ 1H£4d£4 = 8.0Hz£^ 
Н - 1£€9 C NMR£ acetone - dó£ G9 Glu£995 .27£" C – 1£633.08£^ C - 2£635.36£' C - 3£630.46 
£'C - 4£636.91£ C - 5£664.13£ C - 6£O 
2 &MIEGE theogallinffO16£ 9O? »x€« PT · ÜAGE»Negative FAB — MS£-m/z£" % £€343£ÜM — 
HEE” 100£®UVA a nm£" МеОН69217Е-275.5 160 cm 1£93399£4700£3604£453£H350£— 
1223£21130£4098£4036£-984£-915£-873 .' H NMR£ acetone — d, £897 .06£ 2H£s£-&allyol - HEG- 
5.30£ 1H£m£H - 3£€4.12£ 1H£m£-H - 5£€3.77£ 1H£dd£3 = 3.2£9.6Hz£-H - 4£€8.86 – 
2.12£ 4H£m£HH - 2£-6£€9 C NMR£ acetone — d£676.87£' C – 1£639.24£ C - 2£631.57£' C 
– 3£€92.25£' C - 4£€33.47£' C - 5£€37.92£' C - 6£€179.92£" C — 7£€6allyol£?121.00£" C – 
1£€109.77£ 2C£-€ – 2£-6£€145.35£ 2C£-€ — 3£-5£€138.69£ C - 4£€167.54£ C = O£O 
А Ó Éá£ chlorogenic acid£€ 17£GO? xÉ«l РЯ Ej - ОА» £0, £f? — 23.060£" мМеон 
0.00240£ Negative FAB - MS£m/z£' % £€353£ÜM - HEE” 100£6UVÀ,, nm£" Me0H£&217.5£^ 
245£-393£328 5£>IRvKEr cm ! £93395£4693£4600£4 523£43449 £43376£4271£4181£4163£— 
1120£21040£-977£-854 . H NMRÉ acetone — dç + D,0£697.54£ 1H£-d £3 = 16.0Hz£-«a - H£€6.32 
£'1H£-d£4 = 16.0Hz£-8 - H£65.06£" ІНЕ» н - 2; E66.98£" IHE-ld£3 = 2.2£-8.4Hz£€6.82 
ЕТІНЕ = 8.4Hz£44 — 5j E@4.8£ 1H£m£-H - 3£€4.20£ 1H£m£-H - 5£€1.90 – 2.20£ 4H£^ 
m£-H – 2£76£€9 C NMR£ acetone - dç + D0£876.77£' C - 1£€40.62£' C - 2£665.32£' C - 3£€ 
68.35£ C - 4£077.96£ C - 5£637.97£ C - 6£€181.21£ C - 7£GCaffeinyl£ 127.07£ C - 1£€^ 
114.56£' C - 2£€444.76£' C - 3£€447 .76£ C - 4£€116.48£' C - 5£6115.29£ C – 6£6123.03 
£'C - ao£€446.66£ C - BE@160.06£ `C = O£O 
3a£-5a - flpóQ»ü - 4 а – O - ;8: EÓ£»0/64 AÉEÁ£ÜBo£-5a — dihydroxy - 4 — а - cafeoyl — 
quinic acid£ 18£6O x«l PT · ÜAGE»Negative FAB — MS£m/z£' % 66353 0м - НЕЕ” 1006 
UV), nmË МеОн 6204317 .5£-230£242 .5Е-394.5Е-326.5 ЯБУ em ^! £23396£43694£3600£^ 
1523£41449£4377£4268£4180£4161£4118£4039£-976£-853£-813.!H NMR £” acetone - dg + 
D,0£67.54£ ІНЕ = 15.99; Ёт - H£€6.36£ ІНЕ 9 = 15.9H;£—p - H£€3.10£ 1HE£3£EH 
- 2i £€3.01£ 1H£-d£3 - 7.8 Hz£©6.84£"1H£J = 7.8Hz£HH - 5j E€5.34£^ 1H£-m£HH - 3£€^ 
4.18£ 1H£m£-H – 5£€3.7£ 1H£m£-H - 4£€1.80 – 2.20£ 4H£m£-HH - 2£76£€? C NMRÉ£ ace- 
tone — d,£6876.59£' C - 1£€41.35£ C - 2£668.35£ C - 3£673.75£' C - 4£€34.36£' C - 5£€ 
36.97£" C - 6£€482.16£' C – 7£€€affeinyl £8 127.77£^ C – 1£€315.78£ C - 2£€445.59£ C - 
3£@148.51£ C - 4£€417.12£ C – 5£€415.78£ C - 6£€123.57£ C – o£€446.96£ C - B£@- 
169.85£' C = ОЁ© 
ËÉ° Qf V&^ £” coniferinffO19£ GO xÉ«l РЕ E] - ÜAGE» Negative FAB – MS£-m/z£" % £€341£0M 
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- H£Y £” 100£6UVA,,.. nm£" Me0H£&212£-258£-265£-290. 5£»IRJE cm - 1£93382£4620£4591£— 
1515£4419£4313£4264£4226£4155£4135£4089£4046£4028£-995£-967£-897£-855. H NMR 
£'DMSO – d,£87.04£ 1НЕ-1ЕУ = 1.5Hz£HH - 2£63.00£ 1H£-£-j = 8.4Hz£-MH – 5£@6.89 
£'1H£dd£3- 1.6£8.4Hz£-H – 6£€6.45£ 1H£d£3 = 15.9 Hz£a - H£€$6.27£ 1H£di£3.- 5.1£^ 
15.9Hz£ - H£€4.08£ 2H£-d £4 = 5.1Hz£-y - H£€4.88£' IH£—I£-J = 7.2Hz£-nomeric H£@-. 
3.78£ 3H£-£-H - OCH3£€9 C NMR£ DMSO - 4,£9131.18£^ C - 1£6310.16£" C – 2£€446.06 
£'C - 3£6149.13£ C - 4£€415.54£ C - 5£6119.07£ C - 6£6129.04£" C – o£6128.50£^ C - BEO 
61.63£ C - y£655.77£ C - OCH3£@;luf9100.22£ C - 1£669.79£' C - 2£676.86£' C - 3£€^ 
69.79£' C - 4£€37.02£' C - 5£660.77£ C - 6£O 
Po P СВА gallic acidfO20£ GO? Ж ÜAG £Negative FAB – MS£mz£" % ££169£0M – H£Y 
Е'ТООЕЄ ГУЛ, „пп Me0H£8215.5£-267.. IR?! cm 1 £93281£4702£4619£4541£4468£3450£^ 
1376£41340£21309£21248£4205£4027£-868£-790.'H NMR£' CD0D£87.04£ 2H££HH - 2£— 
6£€9 C NMR£' CD,0D£G122.04£ C – 1£6110.39£" C – 2£-6£€146.36£' C - 3£-5£€139.56£' C 
-4Е© 
(S: ЕФЕ caffeinefO21£O x«l PT · ПА© £ іар А a ДА»ДЕ«: £626 »x&/4E 1⁄6ED TLC IÔ 
Gk-nt QiOÓN £ 


Table 3 ^C NMR data of compound 1 ~ 7£ c in Acetone - d; £O 




















Carbon 1 2 3 4 5 6 7 
2 78.81 79.31 71.92 71.94 82.56 82.57 

3 66.40 66.94 60.23 69.31 69.50 68.48 68.05 
4 28.28 28.73 26.51 26.53 26.43 28.20 28.48 
5 156.65 157.47 157.34 157.02 157.38 157.17 157.06 
6 95.93 96.13 96.35 96.44 96.31 96.37 96.01 
7 156.91 157.47 157.59 157.39 157.59 157.35 157.49 
8 95.26 95.61 95.68 95.74 95.41 95.70 95.13 
9 156.41 156.99 156.94 157.66 156.81 156.65 156.57 
10 99.49 99.79 98.90 98.90 98.55 101.06 00.32 
li 131.45 31.42 30.60 31.29 30.20 32.05 31.17 
дү 114.86 06.85 06.63 114.84 28.71 15.38 07.18 
3 144.67 46.07 45.78 45.41 15.51 45.95 46.11 
47 144.80 32.87 33.03 45.48 57.78 45.95 33.19 
517 118.96 46.07 45.78 19.14 15.51 20.21 46.11 
617 115.45 06.85 06.63 15.59 28.71 16.40 07.18 

Gallyol 
1 121.65 21.68 21.33 

2£6 109.87 145.84 109.70 

3ER 146.12 109.88 45.84 
4 138.72 138.77 38.81 

С=О 166.05 166.02 66.24 
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Table 4 PH NMR data of compound 8 ~ 1$ ôç in DMSO - dj £O 





carbon 8 9 10 " 12 13 
2 146.78 156.50 156.67 159.07 156.44 156.48 
3 135.65 133.52 133.36 135.50 133.27 133.22 
4 175.76 177.61 177.41 175.79 177.51 177.37 
5 160.66 161.38 161.25 160.60 161.25 161.17 
6 98.11 98.83 98.72 98.09 98.74 98.70 
7 163.81 164.25 164.10 163.77 164.18 164.08 
8 93.27 93.70 93.64 93.35 93.71 93.73 
9 156.10 156.50 156.48 156.09 156.44 156.85 
10 102.95 104.16 104.02 102.95 104.06 103.99 
li 121.92 121.34 121.24 121.57 120.95 120.88 
Га 115.04 115.38 115.27 115.32 130.91 130.84 
317 144.98 144.05 144.78 129.35 115.15 115.08 
47 147.62 148.60 148.44 146.76 159.96 159.84 
517 119.92 121.77 121.65 129.35 115.15 115.08 
6i^ 115.53 116.37 116.31 115.32 130.91 130.84 
Sugar Glu Clu Rha Clu Clu Rha 
1 101.09 101.23 100.76 100.99 101.32 100.71 
2 74.26 74.13 70.41 74.26 74.15 70.59 
3 76.65 75.95 70.62 76.48 75.72 70.59 
4 70.08 70.07 71.92 69.97 69.92 71.81 
5 77.63 76.51 68.26 77.48 76.36 68.21 
6 61.13 67.03 17.72 60.91 66.87 17.75 
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